The author hypothesized that multiple sclerosis (MS) is a humoral autoimmune disease, caused by faulty interplay between myelinspecific, dimeric IgE, specifically competing non-IgE antibodies and IgE-triggered degranulating mast cells. The principal fault was believed to be insufficient quantity of protective, specific non-IgE antibodies. Also conjectured was the possibility of an unexpected and adverse immune suppression caused by none-MS pharmaceuticals being consumed by patients for their MS or for other conditions. To test both hypotheses, a mimotopic, peptide antigen-based, serum immunoassay was developed to measure dimerbound IgE excess among MS patients, wherein the IgE specifically complexes with two or more myelin surface epitopes at an interval of 40-100 Angstroms, a separation critical for mast cell degranulation and cell damaging effect. MS test sensitivity and specificity, when analyzing five previously untreated patients for dimeric IgE presence, was 100%. In direct comparison, twenty age-and gender-matched female and male control subjects were test negative. Analysis of 35 multiple sclerosis patients, who were concomitantly being treated with potentially immunosuppressive pharmaceuticals, appeared to show the substances' negative effect upon MS causation, progression, or specific immunoassay performance. Therefore, MS is likely an autoimmune disease caused by IgE-mediated mast cell degranulation possibly in conjunction with immunosuppressive agents.
Introduction
While it is commonly understood that multiple sclerosis (MS) is an autoimmune disease of multifactorial etiology, the exact mechanism of causation has not yet been elucidated. Consequently, disease-specific MS therapy has not advanced beyond the use of interferons and immunosuppressive agents, the application of which is now more than thirty-year old [1, 2] and of questionable, long-term efficacy [3] .
Based upon his early work [4] and the work of other investigators [5] [6] [7] [8] [9] [10] [11] , the author hypothesized that MS is a humoral autoimmune disease, caused by faulty interplay between myelin-specific IgE, competing specific non-IgE antibodies, and IgE-triggered, degranulating mast cells. Affected mast cells are likely to expel proteolytic enzymes and possibly other factors which damage or destroy targeted myelin and the axons that are sheathed by it.
To test the hypothesis, a mimotopic, peptide antigenbased, serum immunoassay was developed to measure dimer-bound IgE excess among MS patients, wherein the IgE specifically complexes with two or more myelin surface epitopes at an interval of 40−100Ångströms, a separation critical for mast cell degranulation [12] and tissue-damaging effect.
Because MS patients often consume numerous medications, some started before observed disease onset, questions arise about the medications' effect upon (1) disease origin, (2) serum antibody test function, and (3) hindrance of normal and protective, humoral immune processes.
Epitope-specific IgE is but one isotype involved in the myelin inflammatory process as other investigators have also documented the presence of myelin-specific IgA, IgG, and IgM [13] . Concomitantly present, the differing isotypes are likely to be cross-competitive for epitopic antigens. An analytical method was therefore developed to measure this potential competition and a determination made whether the competition exists and is likely part of the MS autoimmune process.
The analytical method entailed quantification of the ratio of myelin epitope-specific IgE relative to the sum of 
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Figure 4: Displayed is the measured distance between two IgE autoantibodies if each was to bind a potential epitopic dimer site (QAPEY and VTLRI) with each site incorporating five, uniquely sequenced, contiguous amino acids flanked on either end by a nonreactive, normally present amino acid thus making a 7 amino acid, antibody binding footprint. Each intervening amino acid between epitopes is estimated to be 10.6Ångströms in width. When the interfootprint dimer distance analysis is performed, the potential dimer between QAPEY and VTLRI is inadequate for mast cell degranulation because there are 13 intervening amino acids between the two epitopes, and this is equivalent to a distance of 103Ångströms, which is 3Ångströms above the mandated upper limit of 100Ångströms. HI: peptide hydrophilic index. the matching myelin-specific non-IgE isotypes. In order to simplify the process, the non-IgE antibody level was determined by measuring epitope-specific human kappa plus lambda chains and subtracting the matching epitope-specific IgE. With experience, it became obvious that the specific IgE subtraction was unnecessary as the IgE was exceedingly small in comparison to the matching non-IgE antibodies. Thereafter, the evolved MS test employed the formula: IgE/(kappa + lambda). Individual humoral epitopes were mimicked by single peptides that were 5 amino acids in length [4] , the size that the author had previously estimated would fit into a single antibody Fab site.
When analyzing surface pentameric structures of individual myelin proteins for potentially serving as humoral epitopes (Section 2) and comparing each structure against surface pentamers on all human genome proteins, it was noted that singular, potentially MS-associated, mimotopic peptides displayed amino acid sequences that were located on the surface of a single, specific myelin protein and on no other protein transcribed from the human genome. Those unique pentamers were employed in the MS test development.
Materials and Methods
The Hopp and Woods hydrophilicity method for locating epitopic sites on linear protein sequences [15] was used to predict the humoral epitopes on (a) myelin proteolipid protein (PLP, [16] ); (b) myelin oligodendrocyte glycoprotein (MOG, [17] ); (c) myelin basic protein (MBP) Isoforms 1 [18] , 2 [19] and 3 [20] ; (d) oligodendrocyte myelin glycoprotein [21] , (e) Claudin 11 [22] .
In order to estimate the functional distance (inÅng-ströms) between epitopes on the surface of each myelin protein, as depicted on its Hopp and Woods plot, the following tasks were per formed.
(1) The average diameter of constituent amino acids was determined by (a) comparing the mass of each amino acid relative to the mass of alanine with its known diameter of 6.9Ångströms [14] ; (b) multiplying individual mass ratios times 6.9Ångströms to obtain estimated amino acid diameter s for the non-alanine amino acids; (c) averaging the resulting amino acid diameters to obtain a n overall average amino acid diameter of 10.6Ångströms ( A similar contour-mapping approach was not used for PLP because it has but one structurally unique epitope expressed on the myelin surface, ADARM (Figures 1, 2,  3 ). However, PLP molecules are highly prevalent on myelin and correctly spaced (65-71Ångströms) between monomers [23] so as to serve as ideal IgE dimer-binding sites, notwithstanding allowance for the 25% rolling contour adjustment.
In Figure 1 , Proteolipid protein Isoform 1 (PLP1) is displayed as a Hopp and Woods XY plot with eleven vertical columns. The leftmost column depicts the amino acid sequence number of the protein chain. The second column from the left lists the sequential, corresponding amino acids. The sixth, left-most, column displays the hydrophilic index (HI) of each listed amino acid. The tenth column from the left depicts the sum-of-seven, continuous amino acids, hydrophilic index value of each amino acid derived by adding to its hydrophilic index (HI) the indices of the 3 amino acids that precede it plus the indices of the three amino acids that follow it. Areas that are net hydrophilic (yellow highlighted) are apt to be on the protein surface while those that are net hydrophobic (uncolored) would be on the protein edge or imbedded within the protein center. The protein surface can either be extracellular or intracellular.
MOG has been shown to be differentially expressed in various isoforms. However, for the purpose of identifying the potential array of MOG humoral epitopes possible on all isoforms and the epitopes' utility in dimer formation, analysis of MOG Sanger Institute Isomer 1 ( of an antibody binding site mandated exhibiting a unique pentamer flanked by an amino acid on each side.
Myelin basic protein, an oligodendrocyte intracellular protein also potentially accessible by myelin surface disruption, exhibits a more complex array of potentially tar getable epitopes and dimer conditions than PLP or MOG. All potential dimer sites are exhibited by a combination of myelin basic protein Isoform 1 (Figures 10-12 ), Isoform 2 ( Figures 13-14) , and Isoform 3 ( Figure 15 ). For epitopemapping, singularly unique protein surface regions longer than 5 amino acids were subdivided into overlapping pentamers to represent all possible-single-antibody binding sites (i.e., Figure 10 ). Figure 16 , the basic MS test plate contained 14 mimotopic peptides corresponding to the myelin epitopes illustrated in Figures 1 through 15 . Each peptide construct (Mimotopes Pty, Clayton, Australia) applied to the microplate wells comprised a mimotopic peptide preceded by an aminated hydrophilic linker, 8-amino-3,6-dioxaoctanoic acid 2 (amino-ADOOA-ADOOA). The epsilon amino group on peptide lysine residues was blocked with a (4,4-dimethyl-2,6-dioxocyclohex-1-ylidene)-3-methylbutyl (ivDde) group, to prevent undesirable, lateral binding when attaching peptide constructs to test plate wells via their free amide groups. The dimer group 1 combinations encompass the overlapping, epitopic pentamers DNEVF, NEVFG, EVFGE, and VFGEA coupled to QDTAV. The dimer group 2 combinations encompass the pentamers DNEVF, NEVFG, EVFGE, and VFGEA coupled to DTAVT. The dimer group 3 combinations encompass the overlapping, epitopic pentamers QDTAV and DTAVT individually coupled to PKNAW. Dimer group 1 displays epitope intervals that are 95, 87, 80, and 72Ångströms. Dimer group 2 displays epitope intervals that are 88, 80, 72, and 64Ångströms. Dimer group 3 displays epitope intervals that are 48 and 40Ångströms. Dimeric IgE complexing hinges upon disruption of the overhanging oligodendrocyte membrane surface and facilitated intracellular autoantibody inflow. For serum antibody immunoassay purposes, the longer, inclusive peptide DNEVFGEA can be used together with QDTAVT and QDTAVT used together with PKNAW as all three peptides are sufficiently hydrophilic when coupled with the peptide-solubilizing construct, amino-ADOOA-ADOOA linker. HI: −0.6 Figure 11 : A second set of potentially functional intracellular dimer sites on are displayed on MBP Isoform 1. The inclusive epitope pairs are: DNTFK, LQTIQ and DNTFK, QTIQE and NTFKD, LQTIQ and NTFKD, QTIQE with respective interval distances of 40 and 48Ångströms. Dimeric IgE complexing hinges upon disruption of the overhanging oligodendrocyte membrane surface and facilitated intracellular autoantibody inflow. For serum antibody immunoassay purposes, the longer, inclusive peptide DNTFKD can be used together with LQTIQE as both peptides are sufficiently hydrophilic when coupled with the peptide-solubilizing, amino-ADOOA-ADOOA linker. Figure 12 : A third set of potentially functional intracellular dimer sites on MBP Isoform 1 is displayed incorporating the epitopes KDSHH, DSHHP, and SHHPA individually coupled to HGRTQ. The dimer epitopes' complexing with specific IgE antibodies likely hinges upon disruption of the overhanging myelin surface and specific antibody inflow. For serum antibody immunoassay purposes, the longer, inclusive peptide KDSHHPA can be used together with HGRTQ as both solubilize readily with the amino-ADOOA-ADOOA linker.
Microtiter Test Plate Layout. As depicted in

Peptide Constructs
degrees C for 30 minutes, aspirated, washed three additional times, aspirated, and dried.
Microplate Storage.
After drying at 21−26 degrees C for 18−24 hrs in a clean, covered container, test plates were sealed with acetate plate sealers and stored at room temperature until needed. Individual plates were used for both specific IgE and specific (kappa + lambda) assays.
The specific IgE immunoassay entailed use of 100 uL/well of neat subject serum that had been spiked with 1 mg/mL aminated hydrophilic linker solution to neutralize potential, antilinker antibodies (50 μL linker solution per 12 mL serum). Plates were sealed and incubated for 2 hours at 21-26 degrees C and then washed four times with PBST (250 μL/well followed by immediate aspiration). 100 μL of 4 μg/mL biotinylated, goat anti-human IgE was applied per well. (The anti-IgE solution comprised 96 μL of Vector Labs, Burlingame, CA, Product no. BA-3040 added to 11.9 mL of conjugate diluent (10 mg/mL recombinant HSA in PBST +0.25% PEG 4000)). After incubation for 2 hours at 21-26 degrees C, the plates were washed and 100 uL/well of 64 ng/mL streptavidin horseradish peroxidase ( PBST and (b) spiking 11.950 HSA conjugate diluent with 48 μL of the 1/100 diluted serum. Plates were filled with 100 μL/well of 1/25 k diluted serum, sealed, and incubated for 2 hours at 21-26 degrees C. Equal volumes of Vector biotinylated, goat anti-human kappa antibody (BA-3060) plus biotinylated, goat anti-human lambda antibody (BA-3070) were mixed together to form a 50 : 50 biotinylated anti-(kappa + lambda) concentrate (500 μg/mL). 96 μL of the anti-(kappa + lambda) concentrate was mixed with 11.9 mL of HSA conjugate diluent and 100 μL of the resulting solution applied per well. After 2-hour incubation at 21-26 degrees C, plates were washed and 100 uL per well of 16 ng/mL streptavidin horseradish peroxidase solution applied. Test plates were incubated at 21-26 degrees C for 30 minutes, aspirated, and washed. 100 uL/well of Thermo Scientific chemiluminescence substrate was applied and the plates read at 1-3 minutes after application. values or values of less than 0.5 were assumed to be test negative.
Individual IgE/(Kappa
Serum Sample Selection.
Disease-positive and diseasenegative (control) sera were purchased from BioServe (Beltsville, MD, USA). Multiple sclerosis-positive samples were from patients who had not yet received MS-specific therapy, patients who were taking interferon and/or Copaxone (glatiramer acetate) with or without medication shown to be immunosuppressive (Tables 3(a)-3(e)), and patients who were only being treated with immunosuppressive substances. Figures 17 and 18 , neither female (n = 10) nor male (n = 10) age-varied, control serum samples were MS test positive by exhibiting IgE/(kappa + lambda) dimer-positive results. Being positive, the control sera would have been IgE/(kappa + lambda) positive when tested against the PLP ADARM peptide antigen (Figures 1-3) and/or the non-PLP peptides listed on the left-most column of Table 4 (Figure 19 ). All were IgE dimer positive against PLP. Three of five patients were also MOG dimer-positive. Of the latter group, all three were myelin surface positive and two patients were also positive against subsurface MOG epitopes (positives are highlighted in yellow). None were MBP dimer positive.
Results
Control Subjects. As depicted in
Patients Taking Copaxone or Interferon Only (Figure 20).
All three patients were dimer positive against the sole PLP Figure 15 : Potentially functional intracellular dimer sites and conditions on MBP Isoform 3 which are similar to the third dimer set on MBP Isoform 1 as displayed in Figure 12 . Female controls:  1SH3B  5MXI8  FE5MT  5OLYU  4QFUO  10FFW5  FSEOE  EPK25  6LK8U epitope, ADARM, irrespective of whether each had relapsing remitting (RR), secondary progressive (SP), or primary progressive (PP) MS. Individual test scores were lower than scores for the untreated MS group. None was IgE dimer positive against MOG or MBP. (Figure 21) . One of twelve patients was PLP dimer test positive. None were positive against MOG or MBP. (Potentially immunosuppressive, ancillary agents are numerically identified in yellow at the bottom of the figure and referenced in Table 3 .) (Figure 22) . Four of fourteen test subjects were PLP IgE dimer test positive, irrespective of disease classification. None was IgE dimer positive against MOG or MBP.
Patients Taking Interferon + Immunosuppressive Agents
Patients Only Taking Immunosuppressive Agents
(Immunosuppressive agents are identified in yellow at the bottom of the figure and referenced in Table 3 .)
Patients Taking Copaxone plus Immunosuppressive
Agents (Figure 23 ). Only one of six patients was PLP and MOG dimer test positive. None was MBP dimer positive.
(Immunosuppressive agents are identified in yellow at the bottom of the figure and referenced in Table 3 that are listed at the end of the paper. 
Discussion
The test data is both an affirmation and a significant challenge to the theories and work of other investigators. It affirms the premise that MS is a humoral autoimmune disease as validated by clinicians who have worked with Natalizumab (Tysabri), a humanized monoclonal antibody whose therapeutic use results in a systemic increase in B lymphocytes and, ultimately, plasma cells and specific serum autoantibodies [52] [53] [54] . Where it differs is in affording a precise explanation of the multilayered humoral MS process and how it might be remedied. We have concluded that multiple sclerosis is a complex, humoral autoimmune disease caused by IgE dimer formation on the surface or immediate subsurface of CNS myelin that results in focal mast cell degranulation. The degranulating mast cells likely release proteolytic enzymes and possibly other factors that damage or destroy proximal neurons.
Test results of MS patients taking medication shown to have an immunosuppressive effect suggest either interference with the IgE/competing antibody pathological process or with the MS test itself. This was inferred by the quantitative difference in MS test scores between the patients who were taking no medication and exhibited relatively high test scores, patients who were being treated with a single MSspecific pharmaceutical (beta interferon or Copaxone), but had relatively low positive test scores, and patients who were taking the described immunosuppressive agents, with or without interferon or Copaxone, and were only sporadically MS test positive.
This suggests that the conventional, multiple therapy approach may potentially hinder therapeutic efficacy by altering normal immune function.
As interferon and Copaxone are prescribed because of their MS-specific, immunosuppressive, effect and MS is likely an autoimmune disease, it is reasonable to expect some decrease in humoral immune function among specifically treated patients, as reflected by the low anti-PLP test scores exhibited in Figure 20 . However, the test scores of MS patients who were also receiving ancillary substances that have been shown to be immunosuppressive (Figures 21-23) , infer that augmentation of immune suppression may not always be therapeutically beneficial. Another possibility is that the MS-specific and ancillary pharmaceuticals may also hinder serum immunoassay function making some or all specific immunoassays diagnostically unreliable.
Also suggested is the possibility that (1) the ancillary medications, having only been in use since the early twentieth century, may have historically played an instigating or promoting role in MS causation and/or progression through disruption of homeostatic, immune system controls.
The absence of MS test-positive results against MBP dimers may have been due to their deep, intracellular location and relative freedom from immune surveillance and pathological action. It may also indicate that (a) successful MBP humoral targeting first calls for myelin surface disruption via action against PLP and/or outer MOG in order to provide penetrating access for anti-MBP antibodies and/or lymphocytes; (b) MBP is an autoimmune target, but of lesser frequency or importance than the epitopes on the outer surface or immediate sub-surface of myelin.
If MS proves to be an IgE dimer-driven, humoral autoimmune disease, as is suggested by the test data, treatment with mimotopic peptides homologous to those used in the diagnostic immunoassay might prove to be therapeutically beneficial by neutralizing anti-myelin IgE antibodies. The therapeutic peptides would need to be administered in such a way as to insure intravascular delivery of quantities sufficient to neutralize all epitope-specific dimeric IgE autoantibodies through antibody-to-peptide complexing or by neutralizing key epitope-specific IgE antibodies whose target epitopes are cornerstones of a number of pathological dimers. The elimination of one or two dimer-point-specific autoantibodies could prevent multi-site-initiated mast cell degranulation and halt the pathological autoimmune process.
Cornerstone dimer-blocking peptides are highlighted in bold within the full array of potentially therapeutic peptides listed in the sixth column from the left of Table 4 and whose corresponding epitopes and dimers are illustrated in Figures  4 thru 15 .
To be effective, therapeutic peptides would need to (a) possess an exact structural match with the specific myelin protein epitope; (b) be of sufficient length (5-6 amino acids) to easily fit and be avidly bound by a single autoantibody; Age:   FBEW5  GKG3D  II15N  UQY8Q  BOY7E  RQK3C  P63U1  Y9TAT  UBQ4D  2YVCN  XSHWY  76J79  X915C  1AM7Y   RR  RR  RR  RR  SP  SP  SP  SP  PP  PP  PP  PP Table 3 that are listed at the end of the paper. Table 3 that are listed at the end of the paper. Table 4 : Listed are structurally unique, mimotopic, peptides serving as diagnostic and therapeutic antigens. Respective peptide hydrophilic indices (HIs) are displayed in columns 5 and 7. Peptides used for initial diagnosis can be of maximum, unique length (column 4) or fractionated into pentameric (single epitope) equivalents (column 6). Either takes place. Each test peptide is synthesized with an amino-ADOOA-ADOOA linker. The amide group is used for covalent coupling to microplate wells, and the ADOO A-ADOOA construct, being very hydrophilic, solubilizes all peptides, especially those that are hydrophobic. The selected myelin dimer-cornerstone, peptide homologues for therapy are therapeutically promising because of their in vivo (a) net hydrophilicity for good solubility; (b) relatively small size for intravascular permeation; and (c) ability to simultaneously abrogate formation of up to 20 pathological myelin dimers by administering just 4 pentameric plus 2 hexameric peptides (bold highlighted in columns 4 and 6) in lieu of needing to employ up to 28 individual therapeutic pentamers and having to confront individual solubility issues, and so forth. (c) be relatively hydrophilic so as to be functionally soluble when injected or ingested; (d) if ingested, be aided in enteric absorption by pharmaceutical agents such as medium-chain fatty acid constructs [55] , superporous hydrogels [56] , or Ntrimethyl chitosan chloride [57] .
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Summary
Evidence is presented that multiple sclerosis is a humoral autoimmune disease caused by IgE dimer formation on the surface or immediate subsurface of CNS myelin that results
